[1] Methyl bromide (CH 3 Br) was highly supersaturated for over 2 years in the surface coastal seawater off Tasmania. Persistent supersaturations were observed near to shore throughout the year with no evidence of a seasonal cycle. At the same time, a site farther offshore (still under coastal influence) was also predominantly supersaturated but to a lesser extent. Notably, the annual pattern varied over the consecutive years covered in this systematic study. The observed supersaturations are in broad agreement with that which would be predicted by the relationships with the sea surface temperature (SST) derived by Groszko and Moore [1998] and King et al. [2000] for SSTs in the range of 12°t o 20°C, although not the seasonal variation predicted by King et al. [2002]. There is much variability, as expected, which is not explained by the SST relationships. The presence of the prymnesiophyte Phaeocystis is found to be related to the seawater concentrations of CH 3 Br in this work. Our results tentatively indicate that the release of CH 3 Br into the seawater may be a response to nitrate limiting conditions.
Introduction
[2] Methyl bromide (CH 3 Br) is the largest single contributor of bromine to the stratosphere [Butler, 2000] . The bromine from CH 3 Br is thought to deplete from 40 up to 100 times more ozone than chlorine (atom for atom) with the best estimate currently at 45 [Daniel et al., 1999] . Therefore, despite its low atmospheric concentration, CH 3 Br is a significant ozone depleting gas with an Ozone Depletion Potential (ODP) of 0.38 [Montzka et al., 2003] . However, while CH 3 Br is responsible for over half of the bromine reaching the stratosphere [Schauffler et al., 1999] , not all of this is anthropogenic and the relative contributions from natural and anthropogenic sources are still poorly constrained.
[3] The ocean, where CH 3 Br is both produced and degraded at fast rates, is potentially the most important natural regulator of atmospheric CH 3 Br. Observations of the saturation of CH 3 Br in ocean waters suggest that the oceanic source is actually exceeded by its sink and there is therefore a small net flux from the atmosphere to the ocean. The 2002 Scientific Assessment of Ozone Depletion adopted À14 Gg yr À1 with a range of (À11 to À20 Gg yr À1 ) based on work by King et al. [2000] as the best estimate for this net flux. There still remains some uncertainty in the global strength of this oceanic net flux given the ranges quoted above. Much of this uncertainty relates to the extrapolation of data from the sampled regions to the global oceans [Kurylo et al., 1999] .
[4] Earlier studies demonstrated the open oceans to be predominantly undersaturated and therefore a net sink of atmospheric CH 3 Br [Lobert et al., 1995 [Lobert et al., , 1997 Moore and Webb, 1996] while coastal and upwelling waters were supersaturated and thus a net source [Singh et al., 1983; Lobert et al., 1995] . More recent studies have found supersaturations in open oceans [Groszko and Moore, 1998; Baker et al., 1999; King et al., 2000] and coastal waters to sometimes be undersaturated [Baker et al., 1999] . Some of this variation has been attributed to seasonal variations in saturation [Baker et al., 1999; King et al., 2000 King et al., , 2002 . Taking this into account, the current best estimate still shows the oceans to be an overall net sink of CH 3 Br [5] Baker et al. [1999] first drew attention to a seasonal cycle in CH 3 Br saturation levels in the coastal North Sea and it still remains the only published systematic study of this seasonal variation at a fixed location. Subsequently, King et al. [2000] noted a difference between saturation levels observed on several transects in temperate waters of a north Atlantic cruise in 1998 (spring-summer) and those observed in a similar location at a different time of year during a cruise 4 years earlier [Lobert et al., 1996] . King et al. [2000] attributed this difference to a seasonal cycle of CH 3 Br saturation, which they said was supported by the findings of Baker et al. [1999] in the coastal waters of the North Sea. Other suggested causes for the discrepancy were meandering currents, variations in productivity or other localized phenomena. King et al. [2000] also found no significant difference between their saturation levels measured in a different season from those of Lobert et al. [1995] : both, however, from along the Californian coast. In addition, data collected later in the season (early September) in a coincident region in the northeast Atlantic [Baker et al., 1999] , although in a different year, do not differ considerably from the results of King et al. [2000] . King et al. [2002] have since found that two relationships of CH 3 Br saturation with sea surface temperature (SST), one for spring and summer and one for autumn and winter, reproduced observed saturation anomalies substantially better than a single relationship independent of season.
[6] Production of CH 3 Br has been linked to primary productivity under certain circumstances [Anbar et al., 1996] , which in turn is itself dependent on the season due to light intensity, nutrient availability and surface layer stability. A degree of correlation between the concentration of CH 3 Br in seawater and phytoplankton biomass has been observed in a number of situations, such as the Labrador Sea [Moore and Webb, 1996] and the northeast Atlantic [Baker et al., 1999] . The limited correlation is due to the wide variation in cell abundance and chlorophyll content per cell and because CH 3 Br is only produced by certain phytoplankton species [Saemundsdottir and Matrai, 1998; Scarratt and Moore, 1998 ]. While chlorophyll a data gives an indication of the size of phytoplankton blooms, actual phytoplankton cell counts are needed to determine the type of phytoplankton cell abundance within the water. The Baker et al. [1999] study in the northeast Atlantic found a better linear correlation between CH 3 Br concentrations and the accessory pigment 19 0 -hexanoyloxyfucoxanthin, a signature pigment in prymnesiophytes. This indicated the concentration of CH 3 Br in surface seawater might be linked to primary production provided the appropriate phytoplankton species dominated the biomass. High values of CH 3 Br were observed during the senescence of phytoplankton [Scarratt and Moore, 1998 ] and specifically after blooms of the prymnesiophyte Phaeocystis in the North Sea [Baker et al., 1999] . Therefore, as the spatial heterogeneity of marine phytoplankton species observed within the oceans [Bainbridge, 1957] may relate to the patchiness of CH 3 Br production, phytoplankton abundance and speciation must be examined concurrently.
[7] Consequently, following the work of Baker et al. [1999] on the seasonal variation of CH 3 Br in the North Sea, an analogous systematic study has been carried out over more than two consecutive years in the temperate coastal waters off northwest Tasmania, Australia. The primary objective of this work was to establish whether a comparable seasonal variation in saturation levels of CH 3 Br existed in those Tasmanian coastal waters.
Methods

Sampling
[8] Two sites were used for the principal study in northwest Tasmanian coastal waters: Site 1, just north of Cape Grim at 40.6°S, 144.7°E and site 2 at 41.2°S, 144.6°E (Figure 1 ). Site 1 was accessible from the shore while site 2 was situated 5 km offshore with a water depth of approximately 50 m. Site 1 on the northern Tasmanian shore is subject to tidal influence and is classified according to Edgar [1984] , in terms of exposure to wind and waves, as a sheltered open coast. Using the same ''exposure classification scheme,'' site Figure 1 . Location of sampling sites used for determination of methyl bromide saturation levels in surface seawater off northwest Tasmania. Site 1: Woolnorth Point, 5 km northeast of Cape Grim; site 2: 5 km west of Couta Rocks, 60 km south of Cape Grim; and site 3: 80 km west of Couta Rocks, 100 km southwest of Cape Grim.
2, which is situated further off the west coast, is subject to direct wave action and associated mixing and is classed as a maximally exposed coastal site. Additional samples were taken on two occasions from site 3, beyond the edge of the continental shelf (41.1°S, 144°E), over 80 km from shore where the seawater depth was greater than 500 m. Baines et al. [1983] described a west coast current off Tasmania, the Zeehan current, which varies seasonally in strength but flows southward throughout the year. Although unlikely to affect site 2, this current might influence site 3 by drawing waters from the surrounding expansive Southern Ocean that would then impact the water mass being sampled.
[9] Sampling took place at sites 1 and 2 on roughly a monthly basis although less regularly at site 2 due to inclement weather conditions preventing sample collection by boat. Pairs of seawater samples were collected at noon (±1 hour) from surface water in gas tight glass syringes (100 mL) fitted with Nylon taps (Nipro 1 stopcock, 3-way luer slip). This was done by first collecting a water sample in a bucket, taking care to obtain as undisturbed sample as possible and then immediately subsampling 60 mL into a syringe, slowly to minimize disturbance. The syringe was rinsed several times with the seawater before being filled with the sample. Once filled, it was immediately stored in the dark on ice in an insulated container. The bucket was filled a second time and the procedure repeated. Samples were analyzed as soon as possible, always within 6 hours of collection. Air samples, collected in conjunction with the sampled seawater, were pumped into electropolished stainless steel canisters (3.2 L) using a small battery-operated Neuberger pump to $40 psi. Saturation levels with respect to the atmosphere were determined from the analysis of the paired seawater and air samples from each site.
[10] Supplementary seawater samples were taken at site 2, during the spring through to autumn periods, to investigate the phytoplankton ecology in the seawater surface layers. These samples were collected manually by bottle on a weighted nylon rope (OceanTest Equipment 5-L sampler). For chlorophyll, surface seawater samples (1 L) were filtered through Whatman 42 mm GF/F glass fiber filters, folded in aluminum foil, and frozen. The samples were then extracted in methanol for 8 hours. Samples were generally preserved and/or stored within 3 hours of collection and returned to Hobart for analysis within 24 hours. For cell counts, 500 mL of seawater were collected in 500-mL plastic bottles and preserved by the addition of ''Lugols'' solution. They were then stored in the dark in a fridge. Samples for nutrient analysis were collected in 250-mL plastic bottles and stored in the freezer. Other samples for plankton identification and cell counts were collected using a plankton net (20 mm) that was hand-deployed from the side of the boat 5 times at each sampling station to a depth of 20 m. The size cut for the net was >20 mm and samples were stored in ''Lugols'' solution. Samples were preserved and/or stored immediately after collection and were returned to Hobart within 24 hours for analysis.
Analysis
[11] CH 3 Br and various other trace gases in both surface seawater and air samples were analyzed using a cryotrap system followed by gas chromatography (GC) and electroncapture detection (ECD). The system was essentially that described by Baker et al. [1999 Baker et al. [ , 2001 with the exception of the GC capillary column used. For this purpose, a DB1 column (30 m Â 0.53 mm i.d., film thickness 3 mm; JW Scientific) and an RTX200 column (60 m Â 0.53 mm i.d., film thickness 3 mm; Restek) were coupled together in series. This combination was chosen to allow the concurrent analysis of alkyl nitrate species in the samples. While results for CH 3 Br, determined in seawater samples, by GC-ECD have been noted to be compromised by the use of a DB1 column [Lobert et al., 1995 [Lobert et al., , 1996 , the combination of columns used here were tested to ensure that no artifacts were present during the analysis of seawater samples. A range of temperature programmed and isothermal analyses were performed during analysis of seawater samples to ascertain whether any species co-eluted with or compromised the CH 3 Br peak; no additional peaks or artifacts were evident from these investigations. To ensure no response enhancement to hydrocarbons species through inadvertent doping of the ECD [Lobert et al., 1996] , high-purity gases, pre-cleaned with oxygen (Oxy-Trap, Alltech), and molecular sieve traps were used for the ECD carrier gas and for the make-up gas. Temperature programmed analysis from À20°C to 170°C at a rate of 3°C min À1 was determined to achieve the best resolution for the CH 3 Br peak. Typical chromatograms from the analyses of a paired seawater and air sample are shown in Figure 2 . Peak identification was confirmed by injection of pure standards under the chosen temperature programmed analysis conditions [McIntyre, 2001] .
[12] Helium gas (Grade 6.0, BOC), at a flow rate of 40 mL min À1 , was used to remove trace gases from seawater samples (20 mL) contained in a glass purge tower. The resultant gas stream was dried, initially by passing through a glass spiral condenser immersed in an ice bath, then further by a Nafion semi-permeable membrane drier and a glass tube filled with magnesium perchlorate (Mg(ClO 4 ) 2 ). The dried gas was cryofocused on a coiled length of stainless steel tubing (0.16 cm i.d. Â 150 cm) maintained at À150°C, over boiling liquid nitrogen, and subsequently injected onto the coupled capillary columns by heating the cryotrap to 100°C. For the analysis of air samples, the spiral condenser and seawater purge tower were isolated from the sample flow. Each air sample (500 mL) was concentrated directly on the cryotrap and the sample injected on to the coupled GC columns in an identical manner to that used for a seawater sample. The precision based on the repeated analyses of an air sample and a seawater sample was ±2% (n = 5) and ±7% (n = 2), respectively. On average the difference in measured concentration between the seawater samples collected as pairs was 16%.
[13] The studies of Baker et al. [1999 Baker et al. [ , 2001 ] examined the storage stability for CH 3 Br in seawater samples. They showed that analysis within 10 hours of collection was acceptable with insignificant alterations to concentrations over this time, especially with samples stored at low temperature. The seawater samples were therefore analyzed as soon as possible after collection. Using the technique described by Baker et al. [2001] , trapping efficiency of the cold trap was tested with two traps in line whereby a replica of the cold trap was included prior to the routine cryotrap. A seawater sample was then analyzed and the contents of the second trap were injected on to the GC column. No compounds were observed in the chromatogram thereby indicating the 100% efficiency of the trapping system.
[14] A whole air sample (undried) was collected in an electropolished stainless steel cylinder (35 L) and used as the reference standard throughout the study. The concentration for CH 3 Br in the standard was determined by analysis on the Advanced Global Atmospheric Gases Experiment (AGAGE) GC-mass spectrometer (MS) instrument at the Cape Grim Baseline Atmospheric Pollution Station on the Scripps Institute of Oceanography (SIO98) calibration scale [Prinn et al., 2000] . To assess possible long-term relative drift in the assigned standard value, the standard was compared by analysis on the AGAGE GC-MS with their field standards (L. Porter, personal communication, 2002) yielding an average mixing ratio of 8.6 ± 0.2 ppt, with no evidence of drift over the duration of the study.
[15] Phytoplankton biomass was determined by measuring the chlorophyll a concentration, which was done by the acidification method [Holm-Hansen and Riemann, 1978] using a Turner Instruments 10AU digital fluorometer. Phytoplankton cell counts were performed on a Zeiss Televar inverted microscope using Utermolh settling chambers. A minimum of 400 cells was counted per sample giving a 10% counting error. Nutrient concentrations (phosphate, silicate and nitrate) were measured on an Alpkem Autoanalyser following standard methods [ALPKEM, 1992] , with an instrument error of approximately 2%. Salinity and temperature measurements were made using a Platypus Instruments CTD. The stratification index was derived from the difference in temperature between 0 and 50 m. Underwater light transmittance was measured with a Secchi Disc.
Results and Discussion
Temporal Variation
[16] The surface seawater concentrations, air concentrations and saturation levels from the Tasmanian coastal sites are shown in Figure 3 (site 1) and Figure 4 (site 2), along with the associated SST. Saturation is calculated using the following equation: Saturation (%) = [C w /[C a /H]] Â 100. C w and C a indicate the concentration of CH 3 Br in seawater and air respectively and H is the temperature-dependent Henry's law constant (dimensionless) for CH 3 Br in seawater taken from DeBruyn and Saltzman [1997] . At equilibrium the saturation is 100% so the saturation anomaly is calculated as the saturation minus 100 (%). With saturations exceeding 100% (i.e., positive saturation anomalies), a net flux from the seawater to the atmosphere is implied, but the magnitude of the flux also depends very strongly on the wind speed and sea surface condition, as well as the magnitude of saturation.
[17] In the Tasmanian coastal waters, CH 3 Br was persistently found to be highly supersaturated in samples at site 1 (average saturation anomaly of 584% ± 52 (standard error, n = 24)). At site 2, the seawater was again found to be mostly supersaturated (average saturation anomaly of 337% ± 42 (standard error, n = 30)) but to a lesser extent than at site 1. The changes in saturation levels at both sites were driven primarily by the changes in seawater concentrations. Since the seawater was mostly supersaturated at both sites, it suggests this Tasmanian coastal region to be a net source of atmospheric CH 3 Br virtually all year round. Overall, the saturation levels in the Tasmanian coastal waters were substantially higher than those encountered in the North Sea. Further, unlike the North Sea data where undersaturation was observed during the winter, no seasonal pattern was observed in the Tasmanian data although undersaturation was observed on a few occasions in the summer.
[18] Taking only samples collected from further offshore (site 2), thereby reducing influences from local tidal effects, there were many occasions where the observed saturations departed from any seasonality expected from the North Sea data. For example, the two higher saturations observed in August 2000 arose from samples collected soon after unusual sea conditions and somewhat warmer water temperatures than expected for that location and time of year, which may indicate outflow of more northerly currents [19] The atmospheric CH 3 Br concentrations at both sites 1 and 2 exhibit a lot of variability and no clear temporal pattern. In general these concentrations are higher than those observed on the same day at Cape Grim by AGAGE. These two data sets are on the same calibration scale so are directly comparable with similar minimum values suggesting similar background concentrations. Sampling at site 1, about 5 km north of Cape Grim, took place mostly when Cape Grim was in baseline conditions, as defined by Prinn et al. [2000] , and measuring background concentrations, but the atmospheric concentrations at site 1 are noticeably higher for most samples taken. Sampling at site 2, 5 km offshore and about 60 km south of Cape Grim, often occurred when Cape Grim was experiencing non-baseline conditions since that was when the weather was favorable for taking a small fishing vessel out to sea. Despite the concentrations at Cape Grim being more variable and often above background at these times, the concentrations at site 2 were again often higher. This suggests that the air sampled at site 2 was at times influenced by transport from the land. Also, that air sampled at both sites 1 and 2, close to the sea surface, was affected by the flux from the saturated seawater, while air sampled at Cape Grim, at 100 m above sea level, was less influenced by this. At site 2, after July 2001, the atmospheric concentrations even appear to exhibit a similar temporal variation to the seawater concentrations.
Variation With Sea Surface Temperature
[20] Groszko and Moore [1998] and King et al. [2000 King et al. [ , 2002 have derived relationships between the SST and the saturation level of CH 3 Br. In all cases the data used to obtain these relationships were obtained predominantly from open ocean regions, although in all cases some data from coastal waters were used. Although the data from the North Sea study [Baker et al., 1999] were not used in any of the above analyses, the observed saturations are reasonably consistent with that which would be predicted from the SST relationships, in particular the two seasonal relationships derived by King et al. [2002] (Figure 5 ). Observations were made in a temperature range extending from 3.5°C in the winter months, where undersaturation is predicted, to above 12°C in the summer months, where supersaturation is predicted, which is consistent with the seasonal cycle observed. Further, where similar SSTs were observed in different seasons, the saturations in spring and summer tended to be higher than those in autumn and winter. This suggests that the saturation-SST relationship determined by Groszko and Moore [1998] and King et al. [2000 King et al. [ , 2002 can also account for some of the variability in saturation observed in coastal waters.
[21] The SSTs for all samples collected in Tasmanian waters were between 12°and 20°C, the intermediate temperature range in which both Groszko and Moore [1998] and King et al. [2000] predict supersaturation to occur and for which King et al. [2002] predict supersaturation to occur during spring and summer. The supersaturations observed in Tasmanian coastal waters are therefore broadly consistent with that predicted from the SST and are coincident with the SST range in which previous studies had also found high supersaturations for CH 3 Br. However, supersaturations were still observed during the autumn and winter when the seasonal relationship of King et al. [2002] predicts undersaturation. Further, there appears to be no tendency for the saturations observed in autumn and winter to be lower than those observed in spring and summer as predicted by King et al. [2002] .
[22] King et al. [2000] found that their relationship between SST and CH 3 Br saturation levels, independent of season, was able to explain approximately 40 to 70% of saturation levels observed in temperate waters and only Figure 5 . Saturation anomalies (%) as a function of sea surface temperature; data are from this study (triangles), from the North Sea [Baker et al., 1999] (circles) and the quadratic fits (solid lines) as derived by King et al. [2002] for data sets reported therein. Spring and summer data are shaded and autumn and winter data are in black.
accounted for about 15% of the observed seasonality in the open waters of the northeast Atlantic. The two seasonal relationships derived by King et al. [2002] gave improved agreement between estimated and measured saturation anomalies during the autumn and winter, particularly for their North Pacific cruise during September and October 1999 (RB-99-06). However, not all portions of all cruises exhibited improved agreement when the seasonal relationships were used and some elevated saturation anomalies were not captured by either the annual or seasonal relationships. Similarly, the variations and magnitude of saturations observed in the Tasmanian data are not captured very well with the derived relationships. Therefore, although SSTs may explain some of the observed saturation levels of CH 3 Br in coastal waters (e.g., the North Sea data), there is some variability, as with the open ocean data, not explained by SST, even taking into account the variation of this relationship with season.
[23] From a study of coastal waters, CH 3 Br has been shown to be destroyed by both chemical and biological processes [King and Saltzman, 1997] . While the chemical degradation strongly increases with temperature [Elliott and Rowland, 1993; King and Saltzman, 1997] , further studies in the open oceans have found no relationship between biological degradation and temperature [Tokarczyk and Saltzman, 2001; Tokarczyk et al., 2001] . The temperature dependence of the chemical loss is consistent with decreasing saturations found at higher SST; however, there must be other factors (possibly relating to biological production) that explain the decreasing saturations at the lower SST and the additional variability observed.
Spatial Variation
[24] Overall, this study suggests a net annual flux of CH 3 Br from the coastal waters of northwest Tasmania to the atmosphere. To examine whether the more persistent CH 3 Br supersaturations extended farther offshore at this latitude, two sampling trips were carried out to beyond the edge of the continental shelf (site 3), on 29 March 2001 and 5 January 2002. Results from the two excursions are shown in Table 1 . The levels of CH 3 Br saturation exhibited no consistent spatial relationship; higher saturation levels were encountered closer to shore on the first trip in 2001, while the situation was reversed on the trip in 2002.
[25] All the recent studies have found the oceans to be mostly undersaturated with respect to CH 3 Br, although spatial variations in saturation levels have been encountered in a number of these studies. Lobert et al. [1995] saw supersaturations through the Humboldt Current, in the eastern Pacific, and also in coastal waters off California and upwelling regions in the eastern Pacific Ocean. Groszko and Moore [1998] saw supersaturation around New Zealand that they state may have been due to surface waters from Australia and New Zealand; they did, however, see undersaturations in waters approaching Hobart, Tasmania, in November. Additionally, Groszko and Moore [1998] saw a degree of supersaturation in the Gulf Stream and in continental shelf waters off Nova Scotia. Baker et al. [1999] observed supersaturations in the coastal North Sea, but only during the summer months, and also in the northeast Atlantic during early September 1995. The saturation levels observed during the Tasmanian study are therefore broadly consistent with earlier studies in coastal waters or waters with coastal influences, and even show high variability within a small region.
Biology
[26] Variations in surface phytoplankton biomass (chlorophyll a) and phytoplankton abundance, as a percentage of the total cell counts, are shown for site 2 in Figure 6 . The taxa considered in this work were the small flagellates, diatoms, dinoflagellates and coccolithophores.
[27] In the 2000/2001 spring to autumn seasons, small flagellates (averaging 45% of the total cell counts) and diatoms (averaging 25%) were the most abundant taxa present in the phytoplankton community; dinoflagellates and coccolithophores comprised only a minor component (both averaging <15%). Notably, the most abundant small flagellate was the prymnesiophyte Phaeocystis (comprising over 95% of the total small flagellate community), which represented nearly 45% on average of the total phytoplankton community through the seasons monitored. During the two increases in chlorophyll a, Phaeocystis became slightly more abundant while species diversity within the diatom community increased; however, no particular species formed a bloom. In the 2001/2002 spring through to autumn seasons, a marked difference in percentage composition of the four groups was observed with the phytoplankton community dominated completely by the small flagellates (again with Phaeocystis comprising 95% of the total phytoplankton abundance). An earlier model study of this area, based on satellite images, also suggested that the prymnesiophytes comprised the majority of the phytoplankton community [Gabric et al., 1996] . Far greater species diversity was observed during the first year of our study, while the second was more in accordance with the earlier model findings.
[28] In both years, no clear temporal species succession was found during the study and the phytoplankton community structure remained relatively constant over time, maintaining the same relative taxonomic composition over the seasons (spring through to autumn). In the period of highest biomass (January through to March) during both years the seawater concentration of CH 3 Br demonstrated a similar temporal trend to both the chlorophyll a concentration and Phaeocystis abundance (n = 6 for 2001, n = 4 for 2002). The relationship between seawater concentration of CH 3 Br and Phaeocystis appeared to be weaker in 2002, which might be unexpected due to the greater dominance of Phaeocystis in the phytoplankton community in that year. However, other factors influence this relationship as illustrated by the stronger correlation between seawater concentrations of CH 3 Br and the non-motile rather than the motile form of Phaeocystis found by Baker et al. [1999] in the North Sea.
[29] The concentrations of CH 3 Br in seawater and the surface seawater nitrate to phosphate (N:P) ratio (Figure 6 ) during the period of high biomass exhibited an inverse temporal trend in the summer of 2001 (n = 6). The surface seawater N:P ratio also exhibited an inverse relationship to Phaeocystis during the same period. This indicates a relationship between CH 3 Br concentration and increasing nitrate limitation (i.e., decreasing N:P ratio). Nitrate limiting conditions occur when the N:P ratio is below that required (i.e., <15) for active marine phytoplankton growth [Mykelstad, 1977; Flynn, 2002] . The values recorded at site 2 in 2001, of less than 2, imply acute nitrate limitation. During early January 2001, seawater CH 3 Br levels increased to 14 pM while nitrate availability was very low (N:P = 1.6); similarly, the large CH 3 Br increase observed in early autumn occurred at low nitrate availability (N:P = 1.9). A similar relationship was observed during 2002, however the relationship occurred later in the season (March), although still under nitrate limiting conditions, and involved only a few data points (n = 3).
[30] High availability of nutrients and light allows exponential growth of the phytoplankton biomass at the surface, including any species that might produce CH 3 Br. YvonLewis et al. [2002] noted that an influx of nutrients from below the mixed layer in a warm-core eddy in the North Atlantic during a high wind event, as indicated by an increase in nitrate, was followed by an increase in calculated production of CH 3 Br. The results of the Tasmanian study suggest that during periods of high biomass, it is when nutrients are limited that more CH 3 Br is produced. This is consistent with the finding of continued production of CH 3 Br during the senescence of Phaeocystis by Scarratt and Moore [1998] . Although our finding is derived from a limited number of data points, it warrants further investigation, in particular of links between nutrient availability, the life cycle of Phaeocystis, and CH 3 Br production.
[31] Samples collected from beyond the continental shelf edge (site 3), on 29 March 2001, showed lower levels of total phytoplankton biomass (and lower saturation levels of CH 3 Br) than samples taken from site 2 on that same day ( Table 1 ). The reverse situation was found on 5 January 2002 when higher levels of total phytoplankton biomass (and higher saturation levels of CH 3 Br) were encountered at site 3 over samples taken at site 2. The total biomass observed at both sites was however substantially lower in 2002 than in the previous year, and was dominated by the presence of Phaeocystis. A more detailed interpretation of the biological data, physical processing, and more extensive phytoplankton speciation will be reported elsewhere (A. McMinn et al., manuscript in preparation, 2003) .
Summary
[32] From a systematic study of the seasonality of CH 3 Br in seawater, off the coast of northwest Tasmania, samples collected from the shore edge show high levels of super- saturation with no clear seasonal variation. Samples collected slightly farther offshore, although likely still under coastal influence, are mostly supersaturated, again with no apparent seasonal trend, but with variation such that a number of samples in the austral summer are undersaturated. At first this seems at odds with the strong seasonal cycle, with supersaturations in summer and undersaturations in winter, observed previously in the North Sea [Baker et al., 1999] . However, the SSTs off the coast of Tasmanian were higher and less seasonally variable than in the North Sea, indicating that the seawater conditions differed between the two studies. The saturations observed in the North Sea are in good agreement with that which would be predicted by the relationships with the SST derived by Groszko and Moore [1998] and King et al. [2000 King et al. [ , 2002 , with observed undersaturation associated with the cooler SSTs in the winter and supersaturation with the warmer summer SSTs. The persistent supersaturations observed in the Tasmanian study are in broad agreement with that which would be predicted by the annual relationships with the SST derived by Groszko and Moore [1998] and King et al. [2000] for SSTs in the range of 12°to 20°C, although not the seasonal variation predicted by King et al. [2002] . There is much variability, as expected, which is not explained by the SST relationships. The phytoplankton speciation (and abundance) differed markedly from year to year although the prymnesiophyte Phaeocystis was found to dominate throughout the spring to autumn periods. The observation of coincident supersaturations of CH 3 Br and the presence Phaeocystis is consistent with previous findings [Saemundsdottir and Matrai, 1998; Scarratt and Moore, 1998; Baker et al., 1999] and lends support to the suggestion that the CH 3 Br is produced by the Phaeocystis. Our results also tentatively indicate that release of CH 3 Br from Phaeocystis may be in response to nitrate limiting conditions (i.e., nutrient deficiency) causing low phytoplankton activity.
[33] This study shows that a strong seasonal cycle in CH 3 Br saturation levels in surface coastal seawater does not always exist. Although there is evidence that SST may be a good proxy for CH 3 Br saturations in coastal waters in some cases, there are clearly other factors, possibly related to the biology, that are also important. Measurements from the open ocean as part of systematic year-round investigations are required to determine the spatial extent of these findings.
